This paper aims to model abrasive wear for polymers using intersecting scratching technique. Scratch test and pin-on-disc test were conducted on five different polymers. Wear debris generated by intersecting scratching test was compared and correlated with the specific wear rates of the same polymers in a pin-on-disk test using ground steel surface as the counterface. It is the purpose of this paper to establish that an intersecting scratching test can be used as a means to qualitatively and quantitatively characterize wear performance of polymers.
INTRODUCTION
Abrasive wear can be defined as a process of surface material removal due to the penetration of hard asperities into the softer surface of a solid in sliding contact and scratch test has been used as a tool for understanding material wear process in the presence of hard asperities [1] . Many studies were carried out by adopting single track scratch test on materials, mainly metals, where the consequences of various parameters such as, scratching velocity, normal load [2] and attack angle of indenter [3] , were investigated. However in the case of polymers, single track scratching cannot be used to model abrasive wear as little or no wear debris are generated from the test due to large elastic strains in polymers. It was found in a previous study that multi-pass orthogonal scratching causes regions of high stress concentration at the intersection corners with higher pile-up leading to wear debris formation [4, 5] .
In this study, intersecting scratch and pin-on-disc tests are conducted and wear resistance of different polymers tested are ranked based on the amount of wear that are generated in the two types of tests.
EXPERIMENTAL
Experiments were conducted on five different polymers, namely poly (methylmethacrylate) (PMMA), ultra-high molecular weight poly (ethylene) (UHMWPE), poly (etheretherketone) (PEEK), poly (oxymethylene) (POM) and epoxy. All the scratch tests in this project were conducted under a constant normal load of 0.5N and scratching velocity of 10 µm s -1 to produce a scratch length of 1 mm. Orthogonal omni-pass scratching sequence (changing scratching direction by 90 o after every pass) was adopted in the intersecting scratch test. The indenter used in the scratch test is a conical diamond indenter with 90 o included cone angle and tip radius of 2 micron. The pin-on-disc test was conducted using DF3 tool steel of hardness 96 HRB as the counterface and pins with diameters of about 7mm were positioned at a distance of 2.5 cm from the centre of the disc. The disc was rotated at a speed of 150 rpm and the duration of the test ranged from 5 minutes to 30 minutes depending on the wear resistance of the polymer. The pin-on-disc test was conducted under a constant normal load and pressure for all polymers and the wear rate was calculated after the wear process had entered the steady state wear regime. Fig. 1a and Fig. 1b are SEM pictures of PEEK after conducting a 20-pass single track scratching and intersect scratching respectively on the polymers. From Fig. 1a and Fig. 1b , it is observed that intersecting scratching test produces a significantly higher amount of wear debris than single-track scratching test for the same number of passes. From the intersecting scratch test, the ranking of the polymers in terms of the amount of wear debris generated, from largest to smallest, is given as Epoxy>PMMA>PEEK>POM>UHMWPE and the ranking from pin-on-disc test is given as Epoxy>PMMA>POM>PEEK>UHMWPE.
RESULTS AND DISCUSSION

CONCLUSION
In this paper, it has been verified that intersecting scratch produces more wear debris than single track scratch. The correlation between the wear rates of each polymer using the two techniques shows the possibility of using intersecting scratching test to model abrasive wear of polymers. Further results of the current research will be presented in the conference. 
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